Object. Cervical spondylotic myelopathy (CSM) is the most common cause of spinal dysfunction in the elderly. Operative management is beneficial for most patients with moderate/severe myelopathy. This study examines the potential confounding effects of age, sex, duration of symptoms, and comorbidities on the functional outcomes and postoperative complications in patients who underwent cervical decompressive surgery.
I
n adults older than 55 years of age, CSM is the most common cause of spinal cord dysfunction that causes progressive disability and adversely affects quality of life. 13 Cervical spondylosis is a degenerative process involving the discs and joints of the cervical spine, which can eventually result in spinal cord compression. 1, 13 The classic studies on the natural history of CSM report a stepwise pattern of disease progression with exacerbation of symptoms and subsequent long periods of static or worsening function or, seldom, improvement. 18 Development of moderate to severe signs and symptoms usually indicates a poor prognosis, and, in those cases in which the clinical status and imaging findings corroborate each other, surgical intervention may play a key role in the management of patients with CSM to Functional and clinical outcomes following surgical treatment in patients with cervical spondylotic myelopathy: a prospective study of 81 cases counter an unfavorable natural history. 13 Cervical spondylotic myelopathy has become one of the most common diseases treated by spine surgeons. In a population-based study, hospital admissions of patients with CSM increased 2-fold, from 3.73 to 7.88 per 100,000 inhabitants, in the US between 1993 and 2002, whereas the number of patients with CSM who underwent spine fusion increased 7-fold, from 0.6 to 4.1 per 100,000 US population. 17 Despite the greater increase in the number of surgical interventions relative to the number of hospital admissions for CSM, there were no significant differences between the earlier 5-year period (1993) (1994) (1995) (1996) (1997) ) and the later 5-year period (1998) (1999) (2000) (2001) (2002) with respect to postoperative complications (10.9% vs 10.3%, respectively) and mortality (0.6% vs 0.55%, respectively). 17 Also, Lad et al. 17 reported a significant decrease in the number of CSM patients without preexisting medical comorbidity from the earlier period (48.8%) to the later period (33.5%).
Given this background, a prospective study was undertaken to examine the potential effects of age, sex, duration of preoperative symptoms, and preexisting medical comorbidities on functional outcomes and postoperative complications in patients who underwent cervical decompressive surgery for CSM.
Methods
The University Health Network Research Ethics Board approved the protocol for this study. This prospective case series included all consecutive patients with CSM who underwent cervical decompressive surgery from December 2005 to October 2007 at the Toronto Western Hospital.
Baseline Data and Potential Covariates
The baseline data included age at the time of surgery, sex, period of time since symptom onset, date of surgical intervention, and preexisting medical comorbidities at hospital admission. Preexisting medical comorbidities were quantified using the number of ICD-9 codes and the CCI. 8 Other potential covariates for postoperative complications included surgical approach and the number of spinal levels treated. Development of postoperative complications was also included as a potential predictor of functional recovery after surgical treatment for CSM.
Outcome Measures
Primary outcome measures included results of 3 disease-specific instruments for functional assessments before surgery and both 6 months and 1 year after decompressive surgery: Nurick grade, mJOA score, and BBS. The frequency of postoperative complications was included as a secondary outcome measure.
The Nurick grading system was developed to assess walking ability of patients with CSM, who could be classified into 6 grades from 0 ("signs or symptoms of root involvement but without evidence of spinal cord disease") to 5 ("chairbound or bedridden"). Nurick grading was reported as a suitable outcome measure in prior studies focused on its reliability and construct validity in the CSM population. 16, 25, 26 Although the MCID of the Nurick grading, to our best knowledge, has never been documented, the construct of this 6-grade scale suggests that a 1-grade reduction would represent a clinically relevant difference for patients' ability to walk. Of note, MCID refers to the observed change measured by an outcome measure in a particular population deemed to have had an important neurological improvement or deterioration.
The Japanese Orthopaedic Association criteria, which were reportedly reliable and valid, were modified by Benzel et al. 3, 15, 25 The mJOA score varies from 0 to 18 and reflects 4 body functions, including arm function, leg function, micturition, and hand sensibility. 3 Based on expert opinion, a difference of at least 2 points between the postoperative and preoperative mJOA scores was considered clinically important. 2 The BBS was developed to measure static and dynamic standing balance among older people with impairment. 4 A 14-item test, it uses ordinal scoring from 0 to 4 for each item, to give a total score of 0-56. Previous studies reported excellent reliability of the BBS, with intraclass correlation coefficients ranging from 0.81 to 0.98. 5, 10, 27, 28 Various prior studies also indicated that the BBS has validity and responsiveness in the assessment of body balance. 22, 24, 28 Although the estimated minimum detectable change for the BBS is 5 points, Conradsson et al. indicated that the MCID for the BBS is 8 points.
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Statistical Analysis
The effects of potential confounders were analyzed using 3 strategies. First, univariate analyses were carried out using a 2-sided Fisher exact test for categorical variables and 2-sided Mann-Whitney U-test or ANOVA with Bonferroni post hoc test for continuous variables. Second, the best models for prediction of functional status at 1 year following decompressive spine surgery were selected from the analysis of all the potential confounders, including preoperative functional status, age, sex, preoperative number of ICD-9 codes, duration of preoperative symptoms, and postoperative complications. A stepwise multivariate linear regression was used to determine those models that included only significant variables and the highest R 2 regression. 30 Finally, stepwise logistic regression analyses were performed to test the association of potential confounders with clinically relevant improvement in the functional outcome measures. In those regression analyses, the best models for prediction of functional status at the minimum level of the MCID for Nurick grading (1 grade), mJOA score (2 points), and BBS (8 points) at 1 year after decompressive spinal surgery were selected from the analysis of all potential confounders. Only patients with the potential to have a functional improvement greater than the MCID were included in the regression analyses.
All data analysis was carried out using SAS program version 9.1 (SAS Institute, Inc.). Values were represented in terms of means ± SEMs.
Results
During the study period, 24 women and 57 men with ages ranging from 32 to 88 years underwent surgical spinal cord decompression for treatment of CSM ( Table 1 ).
The majority of those patients had no relevant preexisting medical comorbidities, but they showed different degrees of functional deficits due to CSM, with symptoms for over 2 years on average. The mean follow-up time was 10.1 months (range 6-12 months). A 6-month follow-up assessment was performed in 87.65% of the cases and a 12-month follow-up evaluation in 80.25%.
Clinical Outcome After Surgery
Postoperative complications occurred in 15 (18.52%) of 81 patients. The majority of the postoperative complications (12 of 15) resolved without residual effects; 3 patients had residual sequelae of the complications within the first year after surgery ( Table 2 ). Only 4 patients (4.94%) showed neurological deterioration during follow-up after decompressive spinal surgery. Based on the Nurick grading, neurological deterioration of at least 1 grade within the first year after surgical treatment was observed in 3 patients (3.7%)-all of whom developed symptomatic tandem lumbar stenosis with neurogenic claudication. None of the patients died during the first year after surgery.
In the univariate analyses, those patients who had postoperative complications were significantly older (p = 0.006) and had more ICD-9 codes (p = 0.033) than the patients who showed an unremarkable postoperative recovery (Table 3 ). There was a trend for a greater CCI among patients with postoperative complications compared with patients without postoperative complications, but this did not reach significance (p = 0.092). Patient sex, the duration of symptoms, and the number of spine levels treated were not significantly associated with postoperative complications. The anterior approach for decompressive spinal surgery was associated with a significantly lower frequency of postoperative complications than the posterior approach or the combined anterior and posterior approach (p = 0.018).
However, the stepwise logistic regression analysis only identified age as a significant confounder for postoperative complications (OR 1.09 [95% CI 1.015-1.172]; p = 0.018; -2logL = 40.307; c = 0.733). Postoperative complications were not significantly associated with patient sex (p = 0.188), number of ICD-9 codes (p = 0.113), duration of symptoms (p = 0.309), surgical approach (p = 0.248), or number of spine levels treated (p = 0.454).
Functional Outcomes After Surgery
The mean Nurick grades at 6 months and 1 year after surgery were significantly lower than the mean preoperative Nurick grade (p < 0.0001; Fig. 1A ). However, there were no significant differences between the mean Nurick grades at 6 months and 1 year after surgery (Fig. 1A) . The mean mJOA scores at 6 months and 1 year after surgery were significantly higher than the mean preoperative mJOA score (p < 0.0001; Fig. 1B) . Nonetheless, the mean postoperative mJOA score at 6 months did not significantly differ from the mean mJOA score 1 year after surgery (Fig.  1B) . Also, the mean BBS at 6 months and at 1 year after surgery significantly increased in comparison with the mean preoperative BBS (p = 0.0003), whereas there was no significant difference between the BBS at 6 months and 1 year following surgery (Fig. 1C) .
The functional assessments using Nurick grade, mJOA score, and BBS score before and after surgery were significantly associated with patient age and number of ICD-9 codes (Tables 4-6 ). In contrast, the functional assessments using Nurick grade, mJOA score, and BBS score before and after surgery were not significantly associated with duration of symptoms. Although the CCI was significantly associated with preoperative and postoperative functional status at 6 months in most cases, there was no significant correlation between the CCI and functional assessment at 1 year after surgery regardless of the func- tional outcome measure. Complications at 6 months and 1 year after surgery were significantly associated with lower mJOA scores, but postoperative complications were not significantly associated with functional assessments as assessed using Nurick grading and the BBS. Our stepwise multivariate regression analyses indicate that the best models of prediction of postoperative functional status adjusted for preoperative functional status consistently include patient age as a significant confounder (Table 7 ). In addition to the adverse effects of older age on functional status, a greater number of ICD-9 codes was also significantly correlated with lower mJOA score at 1 year after surgery.
Using stepwise logistic regression analysis, function- 
Discussion
The results of our univariate analyses suggest that older patients and those with a greater number of preexisting medical comorbidities who undergo posterior decompressive spinal surgery for CSM are more susceptible to postoperative complications. However, only patient age was significantly correlated with postoperative complications in the multiple logistic regression analysis. The postoperative functional status at 6 months and 1 year after surgery was significantly improved in comparison with the preoperative functional status regardless of the functional outcome measure. In the univariate analyses, older patients who had more ICD-9 codes before surgery had significantly poorer functional recovery as assessed by Nurick grade, mJOA score, and BBS score. In our stepwise multivariate regression analyses adjusted for preoperative functional status, older age was also significantly associated with poorer functional status at 1 year after decompressive spine surgery. However, none of the potential confounders were significantly associated with clinically relevant functional improvement as assessed by Nurick grade, mJOA score, or BBS score when MCID was taken into account.
Complications After Decompressive Spinal Surgery
Our postoperative complication rate was 18.52%, but only 4.94% of our patients who underwent decompressive spinal surgery for CSM had a neurological complication. Similarly, previous studies reported overall complication rates ranging from 5% to 47.5% 6, 14, 17, 23, 31, 34 and neurological complication rates between 0.2% and 15%. 6, 14, 17, 23, 31, 34 Furthermore, the proportion of patients with neurological deterioration after surgery in our study (3.7%) was consistent with the findings of prior investigations that documented neurological deterioration rates ranging from 1.08% to 29.8%. 12, 14, 23, 33 Our univariate analyses identified older patients with greater numbers of preexisting medical comorbidities who undergo posterior decompressive spinal surgery for CSM as the group at risk for postoperative complications. Of note, patients with focal anterior pathology (generally 1-or 2-level spondylosis) were treated using anterior techniques. Patients with multilevel pathology were treated with a posterior approach (in the absence of kyphotic deformity). Patient sex and duration of symptoms were not significantly associated with postoperative complications in our univariate analyses. However, only age was significantly correlated with postoperative complications in our stepwise logistic regression analysis. Prior studies on complications after lumbar spine surgeries also indicated that older patients are more susceptible to postoperative complications. 7, 11, 20, 21 Using data obtained in 58,115 patients with CSM, Boakye et al. 6 have recently reported that complications after spine fusion were significantly more frequent among older patients with at least 3 preexisting medical comorbidities who underwent nonelective spine operation in a larger hospital.
Given that all our patients were surgically treated in a tertiary spine center, some differences between our results and the study of Boakye et al. 6 could be attributed to discrepancies among hospitals regarding the quality of health care services and professional expertise. Also, the substantial differences between the studies in terms of sample sizes may explain the negative results regarding the effects of comorbidities on postoperative complication in our multiple logistic regression analysis. Given that our data analysis had a power of at least 80% and 5% significance, the potential interaction between older age and greater number of preexisting medical comorbidities should be taken into consideration when comparing our results and the findings reported by Boakye et al.
Functional Outcomes After Decompressive Spine Surgery
In our study functional recovery reached a plateau at 6 months after decompressive spine surgery in comparison with the 1-year follow-up assessments. This finding is similar to the findings of a prior prospective study that assessed functional recovery using the JOA score within the first year after surgical decompression of the spinal cord in patients with CSM. 9 These data suggest that the most relevant functional improvements occur within the first 6 months after surgical treatment in this group of patients.
Although the results of our univariate analyses indicated that older patients with more preoperative ICD-9 codes had significantly worse Nurick grades, mJOA scores, and BBS scores before and after spine surgery for CSM, only older age was significantly associated with the poorer functional status at 1 year after decompressive spine surgery in the multivariate regression analyses that also included sex, duration of preoperative symptoms, and postoperative complications as potential confound- ers. However, none of those potential confounders were significantly associated with clinically relevant functional improvement as assessed by the Nurick grading, mJOA score, and BBS in our study.
The factors associated with improvement of impairment and disability after surgical interventions for CSM are not completely known. Although a number of prior studies reported no significant differences between younger and older patients with CSM regarding postoperative functional status as assessed by mJOA and Nurick grading, 9, 12, 14, 32 other investigators documented that older patients had poorer postoperative functional recovery in comparison with younger patients after spine surgery for CSM. 9, 33 More recently, Lu et al. 19 showed that patients aged 70 years or older had significantly lower preoperative and postoperative mJOA scores than younger individuals, but there were no significant differences between the patient groups regarding their recovery rates. Whereas Ebersold et al. 12 reported that the duration of preoperative symptoms was associated with neurological deterioration after surgical treatment for CSM, Saunders et al. 23 and Yamazaki et al. 32 found no effect of duration of symptoms on postoperative functional recovery. In addition, postoperative functional recovery was reportedly unaffected by sex, 9,14 the number of levels decompressed, 12, 14 or preoperative myelopathy severity 12, 14, 23 in prior studies.
Study Limitations
Although a prospective study holds advantages in overcoming some of the shortcomings of previous retrospective investigations in the field of CSM, there are still a few limitations in our study. One of the most relevant limitations is the lack of a gold standard and a reliable, validated outcome measure for assessment of impairment and disability in patients with CSM. The Nurick grading system and JOA scale and its modified versions have been widely used for assessment of patients with CSM, but there is a paucity of studies examining their psychometric properties. In addition, those outcome measures appear to include items related to "body functions and structures" as well as "activity" in the same instruments. 29 Despite the potential effects of patients' age and perhaps other clinical factors on the outcome after treatment of CSM, the actual impact of any treatment requires an adequate analysis of the clinically relevant change. However, to our knowledge, the MCID for Nurick grade, mJOA score, and BBS score was not assessed in this particular patient population. Finally, the heterogeneity of this population indicates that stratifications in the data analyses would be important, but this requires a much larger sample size for appropriate analysis.
Conclusions
Our results indicate that functional recovery appears to reach a plateau at 6 months after cervical decompressive surgery in patients with CSM, regardless of the functional assessment instrument used. The number of ICD-9 codes appears to be more reliable than the CCI for assessment of preexisting medical comorbidities in the CSM population. Complications after decompressive spine surgery are infrequent and, when they do occur, are generally temporary. Older patients appear to be at a greater risk for postoperative complications. Although older patients and those with a greater number of preexisting medical comorbidities had less favorable functional outcomes after surgical treatment for CSM in the univariate analysis, none of the studied factors was associated with clinically relevant functional recovery after surgery. Although age and preexisting medical comorbidities do not appear to have a clinically relevant effect on postoperative outcomes, further investigations are required to confirm those results. 
